Enteroviruses were identified and characterized from patients with aseptic meningitis and other enterovirus- 
The enterovirus genome consists of a 7,500-nucleotidelong single-stranded polar RNA molecule. In general, the 5' and 3' noncoding regions (NCRs) are highly conserved, whereas the most variable region of the genome lies within the genes encoding the capsid proteins, VP1, VP2, VP3, and VP4, which are partially exposed on the virus surface [2, 6, 10] . Laboratory diagnosis of enterovirus infections is based on amplification of highly conserved regions of the genome. The 5' NCR seems to be the most conserved region among enteroviruses and is therefore targeted widely in diagnostic procedures [33, 39] . In addition to traditional virological methods that are used to identify enterovirus serotype, RT-PCR methods have been recently developed based on amplification of the VP1 region [3, 20, 21, 24, 27] , which is the most exposed protein of the viral capsid and includes a serotype-specific antigenic neutralization site [15, 17] . In addition, phylogenetic analysis of VP1 sequence data is considered to be a standard method of molecular analysis for epidemiological purposes [18, 26] .
In this study, we analyzed enteroviruses isolated from patients with diagnosed enteroviral disease in Chungnam, Korea during the 2-year period from 2005 to 2006. In order to determine the enterovirus serotypes of the epidemic, viral culture was carried out by inoculating susceptible cells, and then examining them for the appearance of cytopathological effects. In addition, molecular detection was performed using 5' NCR RT-PCR and sequencing of the enterovirus VP1 region. Partial VP1 sequences were compared with a database of complete enterovirus VP1 sequences of all serotypes to determine whether the isolates are genetically related to any known enterovirus serotypes in the GenBank database. In doing so, we aim to determine the epidemiological and molecular characteristics of the enterovirus strains that are prevalent in Chungnam. Fig. 1 shows the testing algorithm for the detection and molecular typing of enteroviruses. 
MATERIALS AND METHODS

RT-PCR
Cells exhibiting 70% cytopathic effects were frozen and thawed three times, and then viral RNA was extracted from the supernatant using magnetic beads (Toyobo, Japan). The extracted RNA was dissolved in 50 µl of nuclease-free water and stored at -70°C until use in RT-PCR.
For cDNA synthesis, the 20-µl reaction mixture contained 5 µl of viral RNA, 0.2 µM primer (AN32, AN33, AN34, and AN35) ( Table 1) 4 µl of 5× reverse transcriptase buffer, 2 µl of 0.1 M DTT, and 4 U of 10 mM M-MLV reverse transcriptase (Invitrogen). The reaction mixture was incubated at 20 o C for 10 min, 37 o C for 120 min, and 95 o C for 5 min, and then chilled on ice. PCR using a primer set specific for the 5' NCR of the enterovirus was conducted as described previously [41] . Briefly, a 50 µl reaction mix containing 0.2 µM of primers ENT-F and ENT-R [41] (Table 1) Semi-nested PCR amplification of the VP1 coding region was performed as described previously [20] . In the initial PCR, a 50-µl reaction mix containing 0.2 µM of primers 224 and 222 ( o C for 4 min in a GeneAmp PCR System 2700 (Applied Biosystems). Products were purified by precipitation with 100% cold ethanol and 3 M sodium acetate (pH 5.8), and then loaded onto an automated 3100 Genetic Analyzer (Applied Biosystems).
The molecular type of each isolate was determined to be the serotype of the highest scoring strain in GenBank using the Basic Local Alignment Search Tool (BLAST); that is, the enterovirus strain whose sequence had the highest nucleotide similarity to the query sequence [25] .
Sequence Analysis
Among 90 strains of prevalent enterovirus types, 51 strains having a more informed profile were selected for sequence analysis, as shown Table 2 . Nucleotide and deduced amino acid sequences of candidate enterovirus isolates were compared with reference strains using CLUSTAL W (version 1.81) and Megalign (DNASTAR, Inc.) [40] , both of which are applied Needleman-Wunsch algorithms (M-NW similarity test). Sequential pairwise alignment was performed, and then a similarity score for each pair of sequences was obtained manually. However, the quality of the alignment could not be measured, and the gap opening penalty (GOP) and the gap extension penalty (GEP) values were used as default values [14, 19] . The phylogenetic relationships between the VP1 sequences of each virus isolate were inferred through the neighbor-joining method as implemented in the CLUSTAL W program [35] . The resulting trees were plotted using Treeview (version 1.6.6) [29] . The reliability of the phylogenetic tree was determined by the bootstrap resampling test with 1,000 replicates.
Nucleotide Sequence Accession Numbers
The candidate enterovirus sequences reported here were deposited in the GenBank sequence database, under the accession numbers EU590798 to EU590828, and EU604650 to EU604669 (Table 2) .
RESULTS
Enterovirus Detection and Molecular Typing
Enteroviruses were cultured from 905 samples obtained from patients with aseptic meningitis and other enterovirusrelated diseases and subjected to a diagnostic 5' NCR RT-PCR that generated a 436-bp amplicon. Consequently, we isolated a total of 116 enteroviruses: 79 from 519 cases (15.2%) in 2005, and 37 from 386 cases (9.6%) in 2006. For molecular typing and phylogenetic analysis, the VP1 amplicons generated in the semi-nested RT-PCR were sequenced and were found to correspond to a 372-bp region of the VP1 gene. The 116 isolates were identified as ECV18 (n=38, 32.8%), CVB5 (n=21, 18.1%), ECV5 (n=14, 12.1%), ECV9 (n=10, 8.6%), ECV25 (n=7, 6.0%), CVB3 (n=3, 2.6%), and CVB4 (n=2, 1.7%). CVA4, 6, 9, 13, 16, and CVB1 were also identified. Fifteen samples did not generate VP1 amplicons in semi-nested PCR and were therefore considered to be untypable. (Table 3) Fig. 3 . Of the 116 total isolates, 74 were from males and 42 were from females, resulting in a sex ratio of about 1.8:1.
Sequence Comparison and Phylogenetic Analysis
The similarity of the partial VP1 nucleotide sequences of the 15 Chungnam CVB5 isolates was established to be very high, ranging from 98.7% to 100%. These isolates share 78.6-98.0% VP1 nucleotide sequence identity with those of seven foreign CVB5 strains. The closest relationships were found with a Chinese strain (CoxB5/Zhejiang/13/02) that has been isolated since 2002 and a French strain (CF1750891-05) that has been isolated since 2005, as shown in Fig. 4 . In contrast to reference strains, all Chungnam CVB5 isolates are substituted at positions 23 (V23I), 19 (S19G), 75 (Y75F), and 95 (N95S). Most of the Chungnam isolates have identical VP1 amino acid sequences, with the exception of Kor05-CVB5-237cn, Kor05-CVB5-438cn, and Kor05-CVB5-466cn. AY was substituted for GN at positions 90 and 91 in the BC-loop, as shown in Fig. 4 [13] .
Upon comparing the VP1 amino acid sequences of the nine ECV5 isolates from Chungnam to those of foreign strains, we found that only the Chungnam isolates, with the exception of Kor06-ECV5-239cn, have P at position 153 and F at position 146. There is 97.6% to 99.3% identity among the Chungnam isolates, and they show 81.5% to 96.6% identity with the foreign ECV5 strains. Pairwise VP1 sequence alignments revealed 98.3% to 100% identity among the seven ECV9 Chungnam isolates from 2005, which, with the exception of Kor05-ECV9- 443cn, are most similar to strain Type 9/Kurume/97 isolated in Japan in 1997. Moreover, there is 99.4% to 100% identity among the three isolates from 2006, which show 96.1% identity to Kor05-ECV9-443cn, indicating that these isolates are more closely related to the latter than to the reference strains in Fig. 6 . Furthermore, whereas these isolates show alterations at amino acids 36, 148, and 154 outside of the BC-loop, as well as at position 84 within the BC-loop, the seven isolates from 2005 and the other ECV9 strains in the database show the alteration at position 84 (D, I, N, S) (Fig. 6) .
Comparison of partial VP1 amino acid sequences (residues 1- isolates have substitutions at amino acids 86 (N86D) and 91 (A91T) of the BC-loop, whereas the remaining regions show consensus, with the exception of Kor06-ECV25-229cn. The Chungnam ECV25 isolates show 80.7-92.0% identity to foreign ECV25 strains and 99.3-100% identity to one another. In terms of phylogenetic relationships, the Chungnam isolates are more closely related to strain 501-3/Mog/03 than to any other foreign strain in Fig. 8 .
DISCUSSION
Various enterovirus epidemics have been monitored in Korea over the past few years but, unfortunately, analytical research was not conducted in the Chungnam area [9, 12, 13] . In this study, we identified 116 enterovirus isolates The highest rate of enterovirus-positive samples occurred in children less than 1 year of age, implicating enteroviruses as causative agents of the aseptic meningitis epidemic. In the United States, the peak age for children with aseptic meningitis is reported to be < 1 year old [36] . ECV18 and CVB5 were the most prevalent molecular types in 2005, whereas ECV5 and ECV25 were the most prevalent in 2006. This is the first time ECV18 and ECV5 have been identified in Korea since surveillance began in 1993 [9, 12] .
Enterovirus epidemics typically commence in southern regions in the spring and then gradually move to northern regions, reaching a peak incidence in the summer and then waning by the fall [12, 28] . The results of the present study are in accordance with this general pattern. Enterovirus epidemics in Korea will be affected by environmental shifts induced by climate change due to global warming, etc. Therefore, systematic long-term epidemiological studies will be carried out to prevent the spread of enteroviruses.
There have been recent attempts to develop a new method for typing enteroviruses by RT-PCR amplification followed by sequencing of the VP1 region of the genome. Different parts of the VP1 region have been targeted and have been proven to contain serotype-specific information [3, 11, 24] . The BC-loop in the VP1 region is associated with viral antigenicity, and substitutions of amino acid sequences in this region are believed to be important in host infection of enteroviruses [13, 22, 37] . In this study, it was found that the VP1 region of the Chungnam isolates showed notable variation in amino acid sequences. Of particular note are the V23I substitution in CVB5, the Y146F and S153P substitutions in ECV5, and the I42L and I92V substitutions in ECV18 isolates.
The Having identified the causative viruses, the prevailing strains, and their epidemiological patterns in patients with enterovirus-related diseases in Chungnam in 2005 and 2006, we suggest that the results of this study might reflect national trends of enterovirus outbreaks in Korea during those 2 years [13] . Molecular characterization of the Chungnam isolates also revealed patterns of variation that may prove useful in future studies.
